KERR AND DUTHIE fall in serum potassium and thus to the E.C.G. changes. Roberts et al. (1954) could find no correlation between the symptoms and lowered levels of serum potassium. Pulvertaft (1954) found the symptoms occurred before the hypokalemia and postulated a connection between the rate of absorption of sugar and the vasomotor symptoms and the E.C.G. changes.
In recent years attention has been given to circulatory changes. A decrease in blood volume has been observed at the time of symptoms induced by a glucose meal in patients after gastrectomy (Roberts et al., 1954; Roberts et al., 1955; Walker et al., 1955) together with E.C.G. changes similar to those reported by Smith (1951) . Hypotension accompanied these findings in most cases, and it was suggested that the fall in blood pressure might result in stimulation of the sympathetic nervous system from baro-receptors in the arch of the aorta, the E.C.G. changes being explained on the basis of coronary insufficiency.
The first part of this paper reports the E.C.G. changes following a glucose meal in patients with intact stomach and after gastrectomy. During the test period, other cardiovascular parameters were observed and have been previously reported in part (Duthie et al., 1959) . The second part consists of experiments carried out on patients with gastrectomy to evaluate the suggested mechanism of the E.C.G. changes.
MATERIAL AND METHODS
Twelve patients were studied before operation, 36 after Polya gastrectomy (gastro-jejunal anastomosis), seven after gastro-jejunostomy with vagotomy, and five after conversion from Polya to Billroth I gastrectomy (gastro-duodenal anastomosis).
The patients were studied after a 12 hour fast, sitting in a chair with a control period of one hour before, and a test hour after the ingestion of 100 ml. of 50 per cent glucose. The E.C.G.s were taken during a two hour period during which the serum potassium, blood sugar level, plasma volume, and blood pressure were measured. Electrocardiograms were taken every few minutes with a Cambridge Electrite machine, recording the standard and augmented limb leads. The electrodes were not moved during the two hours, and to avoid postural effects on the E.C.G. the patient remained seated throughout the period of the test. The machine was standardized at each tracing to show a deflection of 1 cm. per 1 millivolt. The QT ratio was taken as the relationship of the measured Q-T to the ideal Q-T, as calculated by Bazett's formula, expressed as a percentage (Goldberger, 1953) .
Control studies were made over a period of two hours on patients who were not given a test meal, and no E.C.G. changes were observed. Since the ingestion of cold water can give rise to E.C.G. changes (Wilson and Finch, 1923) , five patients were given 200 ml. of water at room temperature by mouth; but there was no alteration in the E.C.G. This indicated that any change following a glucose meal given at room temperature was not due to a cooling effect. It is generally agreed that subjective influences can play a part in the interpretation of E.C.G.s; care has therefore been taken throughout this study to use the patient as his own control.
RESULTS
Form ofE.C.G. Changes. The changes were as follows in order of frequency (Table 1 , and Fig 1) : (i) An increase in the heart rate varying from a few beats to 50 beats a minute.
(ii) A broadening and lowering of the potential of the T wave best seen in leads II, III, and aVF; less frequent and less obvious in lead I. Accompanying this there was often a reciprocal decrease in the negativity of the T wave in lead aVR. The Q-T ratio was increased.
(iii) An increase in the potential of the P wave with peaking in leads II, III, and aVF.
(iv) A U wave made its appearance or became more prominent if already present.
(v) The S-T segment take-off was below the isoelectric line or the whole S-T segment became negative.
(vi) The QRS complex increased in voltage. Incidence of E.C.G. Changes. The changes occurred more often after operation than before, and particularly after the Polya type gastrectomy (Table II) . Of the three patients with E.C.G. In two patients with hypokalkmia (serum potassium 3*-m. Eq./l. and 3 5 m.Eq./l.) ergotamine tartrate 0 5 mg. intravenously had no effect on the E.C.G. changes, which were typical of potassium deficiency. This was in marked contrast to the rapid reversion to the control pattern in the nine patients who were given ergotamine after the glucose meal (Fig. 2) . 3. Rate of Change in Blood Sugar Level after Glucose Meal
The blood sugar levels were measured (Hagedorn and Jensen, 1923) in 27 patients after gastrectomy who had E.C.G. tracings. There was no significant difference between the five without E.C.G. changes and the 22 who had such changes.
Four patients who had typical E.C.G. changes after glucose by mouth, were given 0-5 g. glucose per kg. intravenously as a 20 per cent solution. The intravenous glucose produced equivalent blood sugar changes, but no E.C.G. changes.
Three patients were given hypertonic saline (16-3 g. per 100 ml., isotonic with the glucose meal) by transnasal jejunal tube, and E.C.G. changes similar to those after a glucose meal were observed (Fig. 3) 
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The above evidence led to the conclusion that the E.C.G. changes were not related to the rise in blood sugar.
Autonomic Imbalance
Methods designed to alter the balance between the sympathetic and the parasympathetic nervous system were used to study this further.
Effect of Adrenaline. Six patients after Polya gastrectomy were given adrenaline hydrochloride 1 mg. by subcutaneous injection and the effect on the E.C.G. compared to that after the glucose meal. The general pattern was seen to be similar (Fig. 4) The pattern of the changes was similar to those seen after glucose (Fig. 5) . In six cases... .the change werealmos idenical,and inthe rmainig thre the were ess oviousafterthe pstura change than after the glucose meal. These changes began immediately on tilting, andr e a c h e d~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~- Effect of Ergotamine on the E.C.G. Changes Following a Glucose Meal. Ergotamine tartrate J -5 mg. was given by intravenous injection to nine patients after gastrectomy when they had developed E.C.G. changes following a glucose meal. In all nine, the changes were rapidly reversed (Fig. 2) and the E.C.G. returned to the control pattern, except that U waves still tended to be increased.
To provide controls for this experiment three patients who had pathologically flattened T waves (two with a left heart strain pattern and one with an old posterior myocardial infarction) were given ergotamine tartrate 0-5 mg. intravenously, amyl nitrite being at hand should any deterioration of the tracing occur. No elevation of the T waves occurred, and in one case there was further depression which responded rapidly to the inhalation of amyl nitrite. Scherf and Schlachman (1948b) reported improvement in organic T wave changes in three out of 13 patients who were given intravenous ergotamine. It can.thus be seen that the non-specific improvement is, at best, variable, in contrast to the uniform reversion of the E.C.G. changes after the glucose meal with ergotamine.
A further control was obtained from two patients who were given mephenteramine sulphate 15 mg. intravenously at the same time interval as the ergotamine tartrate so that the vasoconstrictor effect of ergotamine might be imitated. No improvement in the E.C.G. appearance resulted.
The dose of ergotamine tartrate given in this investigation is too small to cause a sympathetic block in man, but exercises an effect on the cardiac reflexes by central vagal stimulation (Goodman Gilman, 1955) . This would be compatible with a relative sympathetic overactivity causing the E.C.G. changes with restoration of the balance by ergotamine. 5. Effect of Recumbency on the E.C.G. Changes Following a Glucose Meal The initiation of these E.C.G. changes is from the alimentary tract, and to attempt to define the mechanism five patients were given a meal of 100 ml. 50 per cent glucose by transnasal intrajejunal tube in the recumbent position. Some changes in the E.C.G. took place in all patients but they were much less than in the sitting position (Fig. 6) . 6. The Relationship of Heart Rate to the T Wave Changes
The height of the T wave was plotted against the corresponding pulse rate. Each was measured from at least four samples in lead II, the analysis being carried out for atropine, postural change, and glucose (Fig. 7) . Glucose was found to give the steepest slope in four patients. As interpreted by Sjostrand (1950) , this indicated that a hemodynamic factor, as well as heart rate, influenced the amplitude of the T wave. 
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DISCUSSION
The first part of this study clearly showed that the E.C.G. changes following a glucose meal were similar in the intact stomach and following partial gastrectomy. Gastrectomy merely facilitated and exaggerated the E.C.G. changes indicating that the effect of the operation was to accentuate a physiological process.
The additional experiments pointed to sympathetic stimulation as having a major part in the production of the E.C.G. changes following a glucose meal. The pattern after glucose was similar to that after postural change, after adrenaline and after atropine, and it was reversed by the vagal stimulation of ergotamine. Alteration of posture changes the E.C.G. and the changes have been attributed in part to stimulation of the sympathetic nervous system (Nordenfelt, 1941; Meyerson and Davis, 1942; Scherf and Schlachman, 1948a) . Two sympathetic drugs, phentolamine and dibenzyline, produced no improvement, showing that adrenaline release was not the mechanism. That sympathetic stimulation was not the whole explanation was shown by the greater change in some patients following the glucose than after atropine or postural change, and by reversion of the E.C.G. with plasma expander in one case. The fact that some patients had typical E.C.G. changes with an increase in heart rate of only a few beats suggested that tachycardia was not the sole basis of the T wave changes.
When the glucose was given into the jejunum with the patient lying down E.C.G. changes were minimal. It is well known that lying down after a meal prevents vasomotor dumping symptoms and this is generally held to be due to delay in gastric emptying so that the small bowel receives the meal at a slower rate. In this study care has been taken to maintain a similar rate of entry of the glucose into the jejunum when the patient was lying down or sitting in a chair. Despite this, E.C.G. changes were not so marked in recumbency, suggesting that upright posture has some part to play other than hastening gastric emptying. The obvious way in which this operation alters the normal sequence of events after the ingestion of a hypertonic meal is to allow rapid emptying of the gastric remnant which is followed by hypermotility of the small bowel; and this occurs whether dumping is present or not (Duthie and McKellar, 1960) . This overactivity of the small bowel has been thought to influence the autonomic nervous system (Hoffman, 1939) and may well be one of the factors initiating the E.C.G. changes. It has been frequently suggested that the hypertonic meal produces an outflow of fluid into the small bowel lumen (Roberts et al., 1954; Amdrup and Jorgensen, 1957; Peddie et al., 1957; Randall, 1958) and the circulatory changes resulting from these two events may assist in producing the E.C.G. changes.
No explanation is provided for the fact that similar E.C.G. changes do not occur in all cases and it can only be postulated that this is due to natural variability in the autonomic neural tone and cardiovascular responses. SUMMARY The electrocardiogram was studied after a standard glucose meal in patients with intact stomach and following gastrectomy. The principal changes were an increase in heart rate, and flattening of the T wave in leads II, III, and aVF. These changes were often associated with depression of the ST-T take-off, and peaking of the P wave, best seen in leads II, III, and aVF. The patterns were similar in the two groups of subjects, but the operation increased the incidence and degree of the changes. In those who had had a gastrectomy, there was no relationship between the E.C.G. changes and the incidence of dumping symptoms, or alterations in other cardiovascular parameters measured.
Further experiments were carried out to evaluate four factors that have been suggested as a basis for the E.C.G. changes; namely, potassium deficiency, rapid glucose absorption, diminished coronary flow, and sympathetic overactivity. The balance of evidence suggested that the last played a major part.
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